By any reasonable definition of biological success man is the most successful product of biological evolution. From a small and uncertain beginning, probably in Africa, man has spread to all continents except Antarctica, displaced other animals and multiplied to such an extent that there will soon be three thousand milion humans on the earth. Numbers are not in all respects advantageous but they provide a measure of biological success. Although population growth during the past few centuries has been prodigious, it is still only a small fraction of the potential growth; there have been checks on population increase. The most important check has been infectious disease, which has a major effect on the growth and genetic composition of populations because it eliminates a high proportion of those attacked before or during the reproductive period. In contrast, many non-infectious diseases, e.g. cardiovascular disease and cancer, affect mainly individuals after reproductive age, so that their effects on population growth and genetic composition are comparatively slight.
Early man, the hunter and food gatherer, populated the ground sparsely, and it was only when the neolithic period brought agriculture and urban settlements that the population density was likely to have built up to the level required for transmission of infectious disease in epidemic form. One consequence of the industrial revolution, and its attendant poor hygienic conditions in towns, was the increased spread of infectious diseases, and the formidable toll of life which they took is reflected in statistics from the Victorian era in Great Britain. With the introduction of effective chemotherapy and improvement in standards of hygiene during the past half century, the position is completely changed. Infectious diseases now make only a small contribution to mortality in advanced industrial countries. These changes have not only affected the age and sex distribution of populations; they have had a remarkable influence on the genetic structure of the population itself.
I have been especially interested in polymorphism, the situation when two or more genes at the same locus exist in the same population in relatively high frequencies. This implies that the less frequent allele or alleles could not result merely from recurrent mutation, and a number of polymorphisms are evidently maintained by appropriate balances of selective forces. The simplest of these is when heterozygotes (possessing two alleles) have a selective advantage over homozygotes (individuals possessing only one allele).
Malaria and the Abnormal Hamoglobins
One of the consequences of high-density living in tropical countries where anopheline mosquitoes abound is malaria. The commonest and most widely distributed form has been malignant tertian malaria due to the protozoon Plasmodium falciparum, which occurred in all continents before effective control measures were introduced after the Second World War. However, the distribution of the disease within the continents was far from uniform, high or dry areas, where the vector mosquito does not thrive, being spared. Malaria, complicated by concurrent infections, was an important cause of morbidity and mortality in children who had not yet acquired effective immunity against the parasite. The relationship between malaria and certain human haemoglobin variants is an example of the effects of a disease on the genetic composition of human populations.
More than one hundred variant forms of human hemoglobin have now been identified.
Nearly all are rare and are only discovered when they produce some clinical disorder (e.g. methaemoglobinemia, hemolysis after exposure to certain drugs or a hkmatological disorder when the oxygen affinity is abnormal), or accidentally during the course of a population survey. However, three variant forms of h2emoglobin are common, as well as /3-thalassemia in which there is a quantitative but not a qualitative abnormality of haemoglobin synthesis. Sickle-cell hemoglobin (hemoglobin S) is common over a wide belt in Central Africa, the incidence rising to 40% in some places, and is found also in foci in Mediterranean countries (parts of Greece and southern Turkey), southern Arabia and India. Hmmoglobin C is common in West Africa, from the Niger River to Dakar, attaining its highest frequencies of about 30% in northern Ghana and the adjacent High Volta. Hemoglobin E is common in South-East Asia, with maximum frequencies of about 40% in Thailand.
When I began working on the human hemoglobin variants in 1953 the great genetic diversity of human populations in terms of blood groups, serum protein variants and other polymorphic characters was just being revealed. Although some people, notably R A Fisher and E B Ford, suspected that natural selection might be operating on human populations, there was no evidence that this was the case. In fact, it was widely held that since humans are sheltered from predation and as a rule from starvation, natural selection could not operate effectively on them. The analysis of the factors maintaining the sickle-cell polymorphism completely changed that view: it showed that natural selection, working through differential susceptibility to disease, is a potent force changing the frequency of genes in human populations, in other words, bringing about evolution. The sickle-cell gene is a mutation at the genetic locus coding for the f-polypeptide chain of hemoglobin, resulting in a single amino acid substitution. In the normal adult hemoglobin fl-chain the sixth residue from the amino terminal end is glutamic acid, whereas in h2amoglobin S it is valine. The substitution creates a hydrophobic area which allows hemoglobin S to polymerize when deoxygenated. Hence when red blood cells containing hemoglobin S lose oxygen the haemoglobin polymerizes to form firm rods which assume a parallel orientation and distort the cell into the sickle shape. In heterozygotes, who have one sickle-cell and one normal allelic gene, only part of the hemoglobin is of the S type, so that the sickling change only takes place at concentrations of oxygen lower than those encountered in the body except under very unusual circumstances. However, in homozygotes with two sickle-cell genes, all the adult haemoglobin is of the S type and sickling occurs in the body. This results in haemolysis and obstruction of the circulation, the two main manifestations of sickle-cell disease. Under the natural conditions formerly prevailing, few sickle-cell homozygotes survived to reproduce, so that many sickle-cell genes were lost from the population in each generation.
Despite this loss, the sickle-celU gene remained common in many populations. This is so because children heterozygous for the sickle-cell gene suffer from less severe malignant tertian malaria than normal children, and this confers as much as a 25 % advantage in terms of survival under conditions of exposure to the endemic disease (see Allison 1964) . Hence the sickle-cell polymorphism is maintained because the heterozygote is 'fitter', that is, has a higher probability of surviving to reproductive age and reproducing, than the normal homozygote. If the advantage were to disappear, the frequency of the sickle-cell gene would be expected to fall in an exponential fashion. Evidence that such a fall in the frequency of the sickle-cell gene has taken place since Negroes were transferred to nonmalarious parts of the New World has been summarized elsewhere (Allison 1964).
When two or more hemoglobin variants coexist in the same population, an interesting problem in population genetics arises. Often individuals heterozygous for two abnormal hemoglobin genes are at a disadvantage compared with those heterozygous for one or with normal homozygotes, e.g. these with S and f-thalasseemia, Sand C, or E and fl-thalassmmia. Many years ago I predicted that as a result of selection abnormal hemoglobin genes ought to be mutually exclusive in populations (Allison 1955), and it is now generally accepted that this is the case, e.g. S and C in different parts of West Africa, S and /3thalasswmia in Greece and E and /-thalassaemia in Asia.
In contrast, it would be expected that if a mutation at another locus which does not interact with the sickle-cell gene were also to confer protection against malaria, frequencies of that gene and of abnormal haemoglobins would be positively correlated in populations. This is the case for both the African and European variants of glucose-6-phosphate dehydrogenase deficiency, which are sex linked (Allison 1964) . Considering all the factors that intervene, the distribution of abnormal hxemoglobins and glucose-6-phosphate dehydrogenase deficiency in human populations throughout the world is remarkably like the predicted distribution of rare mutations that have become common as a result of selection through malaria and the diseases associated with possessing two or more of these genes in certain combinations.
The Sex Ratio A remarkable example of a polymorphism determined by a simple genetic switch mechanism is the sex ratio. In manunlike some other animals the presence of a Y chromosome determines maleness, so normal males have an XY and normal females an XX chromosome constitution. If there is an equal probability that spermatozoa have an X or a Y chromosome, fertilization is random and there is no prenatal selection, the same number of male and female children should ill be born. However, vital statistics from many countries show a preponderance of male births, usually about 105 males to 100 females. Over millions of births this excess cannot be due to chance, and this suggests that selective factors are controlling the genetic balance which determines the incidence of male and female births. This is confirmed by changes in the distribution of the sexes according to age. In Figs 1 and 2 I have brought up to date information on the sex ratios of births since 1841 in England and Wales previously discussed (Parkes 1963 , Allison 1964 . The decrease in proportion of males during the first thirty years of this period is not understood; perhaps registration was incomplete. For the next forty years the ratio hovered below 104 and then at the time of the First World War rose to about 105. A subsequent decrease was followed by another sharp peak coincident with the Second World War and more recently the ratio has been falling again. The sex ratio changes in another way. In the middle of the last century the excess of males at birth disappeared by the age of 5 years because of the higher mortality of young males, and thereafter females were in excess. By the turn of the century mortality had decreased and sex ratios were about equal up to the age group 15-19 years, thereafter, owing to differential mortality and emigration, falling sharply to below 90 males per 100 females in the 25-29 age group (Fig 2) . Now, with the further decrease in male mortality, the excess of males at birth is preserved up to forty years. Even now, females exceed males from the age group 45-49 years onwards, and the decrease in relative numbers of males becomes very sharp after the age 55. The sex ratio among births is also inversely correlated with parental age, and the low age of parents during the two World Wars probably explains the coincident peaks of male birth frequencies.
Mortality from infectious diseases has repeatedly been shown to affect males to a greater extent than females, and the persistence of the male excess to the age group 40-45 years now observed is therefore to be expected. This persistence, besides illustrating the relaxation of natural selection due to infectious disease, has social consequences which I need not emphasize.
Checks Against Genetic Abnormalities
The examples so far quoted are of polymorphisms maintained by balances of selective forces. An important natural check in man is that against mutations giving rise to clinically detectable abnormalities. There is no sharp distinction between effects of mutations that are within the range of normality and those that are not; in fact there is a continuous spectrum of genetic effects from very minor manifestations such as a fold of skin between two toes to severe malformations incompatible with life. This is true for 'point' mutations, which affect one or a small number of closely linked genes, and 'chromosome' mutations, in which the number or structure of the chromosomes is abnormal. Females with three sex chromosomes instead of two can be perfectly normal, as are some males with two Y chromosomes instead of one; other chromosomal abnormalities can have very severe effects. One important natural check against genetic abnormality is abortion. Examination of cells from spontaneous abortions has revealed that about a third have readily detectable chromosome abnormalities. The use of banding, which allows more precise identification of normal chromosome structure, will doubtless increase this proportion. Such natural checks can now be extended by medical intervention. By amniocentesis it is possible to obtain foetal cells, which can be cultured and used to identify chromosomal as well as many biochemical abnormalities during the third month of feetal life; therapeutic abortion can then be offered to the mother. If this were widely applied to women with an increased risk of having abnormal feetuses, such as those over 35 (among whom the risk of Down's syndrome and other trisomies is greatly increased) or those in families known to have genetic defects, the incidence of abnormal children would be greatly decreased. This is one of the major advances in human genetics during the past five years. Another is the prevention of hmmolytic disease of the newborn due to incompatibility of Rh blood groups by administration of antiserum to the mother. This example of relaxed selection against heterozygotes may eventually have effects on the Rh blood group polymorphism. Effects of selection on mutant genes vary according to the mode of inheritance. In nearly all cases selection checks the spread of mutations and a balance is established between the rate of mutation and the rate of elimination of the mutant gene by selection. Some congenital malformations are due to dominant point mutations, e.g. achondroplasic dwarfism and acrocephalosyndactyly or diseases manifested after birth such as epiloia. Affected individuals rarely reproduce, so that selection against the genes is very strong and their incidence is controlled mainly by the rate of recurrent mutation, that is, about one in 60000 per individual per generation. Selection pressure has also been strong against sex-linked defects such as hemophilia (before modern medical care was introduced) or a type of hydrocephalus. In such conditions one-third of cases arise by fresh mutation in each generation. If a malformation is recessively inherited selection is much less effective. Many biochemical abnormalities and certain types of anencephaly are inherited in this way. The genes persist in the population because they are carried from generation to generation by normal persons. The proportion of homozygotes exhibiting the abnormality is much less than the proportion of heterozygous carriers, so even if all affected individuals fail to reproduce the gene frequency will fall only slowly. Even a small heterozygous advantage will counterbalance the loss of genes. Possibly the relatively high incidence of the gene for cystic fibrosis of the pancreas is explicable in this way (Knudson et al. 1967) .
Similar arguments probably apply when many genes are involved. Thus extremes of height, weight and other metric characters decrease the probability of survival and reproduction. A wellknown example is birth weight, when the mortality is increased above or below an optimum weight. Extreme types are likely to represent individuals homozygous for the genes concerned, less fit than the intermediate types which represent heterozygotes.
Biological and Culture Checks
The evidence presented should suffice to establish that human populations are subject to natural selection and biological evolution. Superimposed on this is cultural evolution, mankind's special contribution and heritage. Man's culture is determined by his genetic constitution and diversity, but it also influences his reaction to his environment. Culture is a potent instrument for adaptation to the environment. I have quoted examples in which natural selection was influenced by cultural factors, e.g. removal of Negroes as slaves to the New World, or advances in medical science reducing the incidence of infectious disease or other abnormalities. Improvements in patient care sometimes relax biological selection, for example mortality produced by infectious disease, hemolytic disease due to Rh incompatibility, or biochemical defects such as galactosemia. They can also intensify biological selection, for example against inherited disorders recognizable during the third month of foetal life.
Fears have been expiessed that medical progress will lead to the accumulation of unfavourable genes in the population. This is bound to happen in some measure. Now that it is possible to treat htemophiliacs with cryoprecipitate of antihaemophilic globulin, some will survive and reproduce. But this is not necessarily the case. Elimination of malaria decreases the risk of sickle-cell anemia in populations, and therapeutic abortion of genetically abnormal feetuses, and offering contraception to affected adults, will tend to reduce the genetic load in populations.
One of the reasons why man has been so biologically successful has been his genetic heterogeneity, which has allowed him to withstand a great variety of diseases and adapt himself to a range of environments. Natural checks and balances should not result in uniformity but should retain genetic heterogeneity to allow for flexibility in adaptation to future challenges. Barton Worthington (International Biologival Programme, London) drew attention to the fact that some animals reacted to increasing or decreasing population by decreasing or increasing their reproductive rate; an example was the increased pregnancy rate of some species of whales after overcropping, and reduction as the population recovered. How far was this reaction general, what were its basic causes, and how far did it apply to populations of man? Professor Melianby replied that this would appear to be a reaction to very plentiful food in most cases. For example, a whale grew very rapidly, even where food did not appear to be plentiful. Where a population of whales had been considerably reduced the normal amount of food was still available so that the survivors had a wonderful time. In other cases there were possibly psychological or sociological factors but those animal cases which were known depended principally upon food. The availability of food might be a major cause of the frequency of pregnancies.
REFERENCES Allison
Dr Calhoun wished to continue Dr Worthington's comment and unite the two previous papers, especially with regard to the silver or red fox in North America for which Dennis Chitty and others had shown the 9.7 year cycle. He had examined the results of several hundred thousand trappings from the Hudson Bay Company and it was possible to isolate from the records two genes which determined the degree of change of the red fox to the silver fox. One gene had a higher frequency on the west coast and the other had a higher frequency on the east coast, reflecting the isolation during the Wisconsin glaciation of small residual populations on either side of the continent. During the cycle one of the genes -the recessive of one of the two pairsincreased with increasing population and the other decreased with increasing population. In other words, they moved in opposite directions, so that there was a tremendous change in heredity with population fluctuation. The exact meaning of this was not at all clear, but it proved that there were regular fluctuations in gene frequencies, very rapid and of an extreme amount, in a population. In the central part of the continent they maintained stability (Calhoun 1950, Canadian Journal of Research 28, 45-47) .
Dr P J Horsey (Winchlester) recalled Professor Mellanby's statement that to extrapolate to man was impossible and, since man was unique, also unjustifiable. Man had reached a state in which he could, to a great extent, control his natural environment. All the species mentioned by Professor Mellanby as being extinct had become extinct because they were unable to adapt to their environment. What, then, was the relevance to man of the interesting observations about animals which Professor Mellanby had described? Professor Mellanby replied that man had controlled his environment and therefore had been able to free himself from many of these restrictions. However, one was concerned that man in future should not destroy his environment. He was therefore even more dependent upon it than any other animal. Dr Alison said that this control had been very partial until quite recently. For example, man was highly subject to infectious disease under conditions where this could now be very largely prevented; the danger was therefore greater now than even fifty years ago.
Perhaps he could add to the contribution of Dr
Calhoun the well-known point that animal populations under favourable conditions tended to be genetically far more varied than under conditions of rigid selection. Some of the most striking examples had been studied by E B Ford in lepidoptera where a sudden increase in population followed a period where it had been small. Where environmental conditions were good, this led to enormous variation which was not normally seen.
The Chairman said he was delighted with both papers, both for their wealth of information and because they stressed so strongly that variety within the species was a sine qua nonthat no amount of cloning, of reproduction of identical types, would ever substitute for that kind of equilibrium which had been produced by natural selection. All the same, having heard this, human populations now must ask themselves what should be done: Emigrate? Starve them? Introduce viruses? There had been no mention of a control mechanism, other than the very crude one of dropping bombs, or starving people to death, which humans could apply to themselves. He challenged both speakers to utter a few sentences of wisdom on the topic of what kind of human controls (leaving aside the environment for the moment) might be intelligently utilized. For example, if a women asked him if she was going to have a mongoloid baby he knew exactly what medical examination to propose to her, in addition to statistical advice concerning her age. Now the point was approaching where similar questions were being asked about maintaining human variety. Was the point approaching where it would be possible to give better advice ?
Professor Mellanby asked if they were to decide what was the optimum population. Was that what Dr Bronowski wanted them to do? That was a very difficult question, as was the question of what was to be done about it. Demographers usually said they had no idea what the future population would be. They gave the impression that there was no point in doing anything about it because the problem would solve itself. That was one point of view. He personally took the viewand this was taken at the Institute of Biologythat far more active steps should be taken to try to control the population by voluntary means. If this was not done, it would be controlled for them by involuntary means.
It was very difficult to say what the optimum population was. The optimum population for Red Deer was known, the deer were culled and the surplus killed off. Thus it was possible to have a large and healthy population. A farmer knew the optimum carrying capacity of his land. He achieved it by killing off and eating his animals. Since Dean Swift not many people had advocated this method for human populations; they tried to control the population by the very much more difficult method of controlling recruitment into it rather than control at the 'death' end.
Again, in a country like this, he was not one of those who was most gloomy about the future. However, he thought an attempt should be made to stabilize and even reduce the population by voluntary methods before being forced to resort to compulsion.
He thought it absurd that there should be any opposition to the idea of propaganda and information regarding birth control in the National Health Service. He thought it was quite absurd not to have abortion on demand. He would go further and say that those who were in danger of producing an illegitimate child should be bribed to have an abortion. It would cost £5000 in social security payments and even if they made a practice of it, it would save a lot of money.
Dr Allison said there were three problems, over two of which there was no control whatsoever so that it was scarcely even worth while talking about them. One was the question of variety. Variety was there already and the only way to restrict it was by stopping people from having children, which he thought was not feasible. The second was the killing off of old peoplea point alluded to by Professor Mellanby. He was sure all would agree that that, too, was not feasible. The only alternative, therefore, was either to restrict birth, for which there was now the necessary technology, which would improve with time and for which there were sociological as well as purely medical barriers, or to restrict immigration. Sad as it seemed, he firmly believed that immigration into small countries such as this should be strongly restricted.
Human Influences on Life-supporting Systems by Sir Frank Fraser Darling DSC PhD FRSE 'Man in His Place' is a beautiful title for this Symposium: our species, the most adaptable of all animals, has been able to make so much of the planet Earth his place, his home. Despite the catastrophes which occur, man has quite suddenly become the lord of the earth, a position it seems quite certain he intends to maintain and exert. Can he sustain it without arrogance? This is the question man has put to himself only recently, though I suppose the Hebrew prophets did have some doubts of a moral nature. Our own questioning of the last half century and particularly of the last decade did not arise as moral questioning, but it has become that very quickly. To sustain the life systems of the biosphere and the natural resources in such style that posterity may be able to enjoy the earth's plenty as we have done has become a philosophical debating point in ethics and science. Ethics without science in this matter is an empty debate, but science without ethics in managing the habitable envelope of the earth is frightening.
A further ethical matter is our conception of the rights we might accord to other denizens of our earth. We have not yet resolved this intellectual problem though we are readier than we were to accord such rights to many warm-blooded animals that have asthetic appeal. Even the wolf has friends and we have sufficient evidence to show that to conserve deer and extirpate the wolf is to damage the habitat and inflict suffering. The preposterous hippopotamus, we find, is Africa's most cunning drainage engineer. We cannot replace him yetor more properly herfor the gravid female follows the swamp water to its limit seeking quietness and peace, moulding a dendritic channel on her path. Perhaps in the future our eyes may thus far open that we shall see the parts played by lowly organisms in maintenance of our habitat and accord some rights or at least some gratitude to their kind. As you in medicine know, even blowfly maggots will cleanse a wound.
We share this envelope with many other life forms, numbers of which are still accruing, as biologists discover their covert existence. Most of these forms existed before we did and I think all of us some time in our life should pause for a reflective moment to think of the quiet earth devoid of intellectual activity, before 'the noise of the captains and the shouting'. There were the evolutionary extinctions and creations, but it was not a world of ruthless competition so much as one of modifying lifeways to circumstances; species did not live in isolation, but increasingly in communities of unconscious co-operation. The vast planetary climatic and geological cataclysms crystallized some of these communities into still further unconsciously co-operative groupings which, in our growing ecological revelation, we call ecosystems.
There was a time, in our intellectual and pragmatic groping, when we tended to think of good and bad life-forms, noble and base creatures, those which were 'useful' to man and those which were incidental and could well be done without. The correction of this view has been one of the major contributions of ecology to a larger, more tolerant, more generous, more grateful attitude to the earth and its denizens. The Eltonian conception of 'niche' -what species did in their placeled on to the clear understanding of 'function'. Each species had its own needs and preferences which through evolution became its niche.
A profound law was stated by C F Gause in 1934 that no two species occupied the same niche in the same place at the same time without one or other declining. They could not be equally successful. In effect, evolution consists of species effectively differentiating or finding a different niche. The difference can be so small, whether in humidity as Park found in his classic studies of the flour beetle Tribolium, or in temperature or shade as Pittendrigh found in his mosquito studies in Central America during World War II. The more developed the ecosystem the more complex and full the niche structure. The ecologist and student of animal behaviour identifies these niches and traces the interdependencies of plants and animals. Once, in ecology's earlier days within this century, man was excluded from such study for some strangely unscientific reason; but now, since man is obviously the dominant mammal on earth, ecology is much concerned with the human factor. Man is part of interdependence and is becoming the arbiter. We, with our gift and burden of consciousness, are concerned that we should exercise our power wisely. There is a real need for deeper philosophical thinking about man
